INTRODUCTION
Salmonellosis, a gastrointestinal infection caused by nontyphoid Salmonella enterica, affects an estimated 2 to 4 million people annually in the United States and is believed to be the second most common cause of bacterial foodborne illness in the country . Buzby and Roberts (1996) estimated Salmonella to be the most costly of 7 foodborne pathogens they examined, estimating the annual cost to the economy of the United States to be between $0.9 to 12.2 billion. Salmonellae are rod-shaped, motile, gram-negative bacteria that infect many animals (cattle, poultry, swine), sometimes causing disease but often causing no overt symptoms. Because of this zoonotic nature, foods of animal origin are frequently associated with the spread of salmonellosis. Raw (unpasteurized) milk or products produced from raw milk have been implicated in outbreaks of salmonellosis in the United States and other industrialized countries (El-Gazzar and Marth, 1992; Cody et al., 1999; De Buyser et al., 2001 ; Centers for Disease Control and Prevention, 2003; Haeghebaert et al., 2003; Mazurek et al., 2004) . Symptoms of salmonellosis in humans include diarrhea, abdominal cramps, and fever, all of which typically disappear within 1 wk. As with many illnesses, the young, elderly, and the immunocompromised have the most difficulty recovering from salmonellosis.
Salmonella contamination of bulk milk most likely occurs through fecal contamination, and mitigation through improved hygiene practices may be possible. However, testing for this organism is not routine. Bacteriological analysis of raw milk is typically limited to tests for bacterial groups (i.e., standard plate count and coliform count) or for specific mastitis-causing bacteria (i.e., Staphylococcus aureus and Streptococcus agalactiae) ). However, it may also be useful to regularly monitor bulk tank milk for individual zoonotic pathogens. Traditional culture methods are usually time-consuming and labor intensive but improvements in DNA-based detection techniques may make screening of raw milk for a suite of organisms feasible.
Previously we reported on a real-time PCR method for the detection of Salmonella in raw milk (Van Kessel et al., 2003) . Using 200 raw milk samples, 22 samples were identified as Salmonella-positive via traditional culture techniques but 54 samples were Salmonellapositive based on the real-time PCR assay. Therefore, it appeared that the real-time PCR method was more sensitive as well as faster than traditional culture tech- 
MATERIALS AND METHODS
The milk samples used in this study were collected during the NAHMS Dairy 2002 survey. The states, the breakdown into regions for this study, and the number of samples from each region are shown in Table 1 . The methods for the collection, shipping, and analysis of bulk tank milk samples were described previously (Van Kessel et al., 2004) . For enrichment of Salmonella, 5 to 10 mL of milk was added to 95 mL of tetrathionate broth. The variation in volume was due to variation in available sample volume. Enrichment bottles were incubated at 37°C for 24 h and then the broth was streaked (10 L) onto XLT4 agar (XLT4 agar base with XLT4 supplement; BD Diagnostics, Sparks, MD). Plates were incubated at 37°C and examined at 24 and 48 h for the presence of black colonies. In addition, 2 mL of the tetrathionate enrichment was centrifuged (13,000 × g, 2 min), the supernatant removed, and the resulting pelleted material was suspended in 0.5 mL of a 1:1 mixture of the 2× freezing medium described by Schleif and Wensink (1981) and Lennox broth (Gibco Laboratories, Long Island, NY), and frozen at −80°C. To reculture a sample, the frozen material was thawed and mixed, and 0.1 mL was removed and spread evenly onto an XLT4 plate. The plates were incubated and scored as described above.
Isolated, presumptive Salmonella colonies were transferred from XLT4 plates onto XLT4, brilliant green agar, and Lennox broth plus 1.5% agar (L-agar) using sterile toothpicks. Colonies that exhibited the Salmonella phenotypes (black on XLT4 and pink on brilliant green agar) were preserved for future analysis. 2× freezing medium for cells (Schleif and Wensink, 1981) , and the isolates were stored at −80°C. The Lagar slants were inoculated and, after incubation at 37°C for 24 h, sent to the National Veterinary Services Laboratories in Ames, IA, for serotyping.
For PCR analysis, enriched samples (1.5 mL) were centrifuged (13,000 × g) in microcentrifuge tubes, the supernatants were discarded, and the pellets were stored at −20°C. The DNA was extracted from bacterial pellets using 200 L of InstaGene Matrix (Bio-Rad Laboratories, Hercules, CA) following the manufacturer's directions. The DNA preparations were stored at −20°C and were analyzed for the presence or absence of Salmonella via real-time PCR later.
Real-time PCR was carried out using the Ruggedized Advanced Pathogen Identification Device (RAPID; Idaho Technology Inc., Salt Lake City, UT). Premixed, freeze-dried PCR reagents that target the spaQ gene on the chromosome of Salmonella (RAPID systemSalmonella detection kit, Idaho Technology Inc.) were used according to the manufacturer's directions using 2 L of sample. Preincubation was at 94°C for 60 s. Forty-five PCR cycles were run under the following conditions: 95°C for 0 s (the cuvettes are heated to 95°C but not held there), followed by 60°C for 20 s with a temperature transition rate of 20°C/s. Other variable parameters included: channel 2, gain 8, and mode 1.
The RAPID system, in conjunction with the Salmonella detection kit, has the capability of running melting point curves on the PCR reaction products. Melting curves were run on all samples that were identified as Salmonella-positive by the RAPID software. The initial temperature was 94°C for 1 min; the temperature was reduced to 50°C, and then increased from 50 to 94°C at a rate of 0.2°C/s. The fluorescence in the sample was read at each stage of the temperature gradient and a first derivative plot of fluorescence vs. temperature was used to determine the melting point of any PCR products present. The software supplied by the manufacturer provides a score for each reaction based upon the degree that the maximum level of fluorescence recorded during the PCR run differs from the baseline calculated in the early stages of the run. Thus, the score depends upon the magnitude of fluorescent signal generated and the quality of the baseline. The higher the score, the more the maximum fluorescent signal varied from the baseline. For samples with a very low PCR score, a subjective analysis of the melting curve and the realtime PCR amplification curve was used to decide if a sample was finally considered Salmonella-positive or Salmonella-negative (Van Kessel et al., 2003) . Logistic regression analysis of the relationship between realtime PCR signal and the likelihood of obtaining a posi-tive culture was done using the PROC PROBIT procedure in SAS 9.1 (SAS Inst. Inc., Cary, NC).
Samples that gave a positive result in the real-time assay were subjected to 2 rounds of conventional PCR using primer set 139-141 targeting the invA gene as described by Rahn et al. (1992) and shown by Malorny et al. (2003) to detect a wide range of salmonellae. The conditions for the first round of PCR were those described by Malorny et al. (2003) except that 1 U of Amplitaq Gold (Applied Biosystems, Foster City, CA) was used per 25-L reaction, a 10-min incubation at 95°C was added to activate the enzyme at the beginning of the reaction, and the PCR was run for 40 cycles. A portion (1 to 3 L) of the InstaGene preparation from the tetrathionate broth enrichments of raw milk samples was added to each reaction. For the second round of PCR, 5 L of first-round product was added to 20 L of fresh PCR mix to give the same final composition as the first-round reactions. Amplification was done on a Biometra Personal Cycler (Biometra, Göttingen, Germany). The PCR products were separated by electrophoresis on a 2% horizontal agarose gel in Tris-borate buffer as described by Maniatis et al. (1982) . The gel contained 0.5 g/mL ethidium bromide; bands were visualized on a UV transilluminator, and documented with a video camera. Detection of a band in the region of 284 bp indicated the presence of Salmonella.
RESULTS
Analysis of 854 bulk tank milk samples from the NAHMS Dairy 2002 survey by real-time PCR using the RAPID system and commercially available kits indicated that 101 (11.8%) of the samples contained some level of Salmonella contamination ( Table 2 ). The range of scores obtained and the number of samples that fell within each range is shown in Table 2 . Of the 101 PCRpositive samples, only 20 of the enrichments from which they were derived yielded cultures of Salmonella when they were originally plated. A subset of PCR-positive, culture-negative samples from all ranges of PCR scores including 2 from the >500 range, 23 from the 100 to 499 range, 10 from the 50 to 99 range, 16 from the 20 to 49 range, 1 from the <20 range, along with 3 PCRnegative samples, were recultured by plating 100 L of the preserved enrichment (representing 40× the original volume of enrichment that was plated) onto XLT4 agar plates. In 6 cases, this resampling of larger volumes of preserved material yielded viable cultures of Salmonella enterica ( Table 2 ). As might be expected, the enrichments with the highest real-time PCR scores, indicating a higher quantity of Salmonella DNA in the reaction, were more likely to yield a culturable Salmonella enterica strain upon plating. Logistic regression (93) 1 RAPID = Ruggedized Advanced Pathogen Identification Device (Idaho Technology Inc., Salt Lake City, UT). RAPID score is an indication of the magnitude of the fluorescent signal relative to the baseline for a sample. The higher the score, the more the signal varied from baseline.
2
Twelve of the 14 culture-positive samples were detected upon initial culture; 2 were positive upon reculture using larger volumes.
3
Five of the 7 culture-positive samples were detected upon initial culture; 2 were positive upon reculture using larger volumes. 4 One of the 3 culture-positive samples were detected upon initial culture; 2 were positive upon reculture using larger volumes.
analysis indicated that the impact of signal amplitude on the likelihood of obtaining a positive culture was highly significant (P < 0.0001).
To confirm the presence of Salmonella in the cultures that tested positive with the real-time PCR assay, a conventional PCR assay targeting a different gene on the chromosome of the organism was run. The gene targeted for PCR was invA, because it has been shown that primer set 139-141 described by Rahn et al. (1992) detected all types of salmonellae and showed no cross reactions with other organisms (Malorny et al., 2003) . Using this assay, 94 of the 101 samples (93%) called Salmonella-positive by the real-time PCR analysis were confirmed as containing Salmonella ( Table 2 ). As might be expected, the confirmation rate was higher when the scores for the real-time assay were highest and decreased for samples with low real-time scores; all 7 of the unconfirmed samples are from the 2 lowest PCR score groups. At present, it is not known whether these unconfirmed samples represent false positive real-time PCR or false-negative conventional PCR samples because both methods require a substantial degree of subjective judgment when the contamination levels are low.
The prevalence of Salmonella in bulk tank milk from 4 regions of the United States (see Table 1 ) as determined by PCR is shown in Figure 1 . The prevalence rate varies from 15.5% in the Western region to 4.9% in the Southeast region. The PCR data generally parallel the culture data (derived from Van Kessel et al., 2004 , but corrected for the 6 additional samples from which Salmonella was isolated as part of this study), Figure 1 . Regional distribution of Salmonella enterica in bulk tank milk samples from the National Animal Health Monitoring System Dairy 2002 survey as determined by PCR and culture. For PCR detection, the standard error of the mean (SEM) was less than 0.08% for all regions, and for detection by culture, SEM was less than 0.03%. which showed 6.3% of the Western region, 3.3% of the Midwest region, and 1.6% of the Eastern region samples contained Salmonella. However, PCR detected Salmonella contamination in 4.9% of the samples from the Southeast region whereas no Salmonella were originally cultured from any of the samples from this region (Van Kessel et al., 2003) . Reculture resulted in the isolation of a viable culture of Salmonella from one PCRpositive sample from the Southeast region (1.6%). The serotypes of Salmonella isolated were: Montevideo (9 samples); Cerro and Newport (4 samples each); Anatum, Meleagridis, Sal 44:Z36 and Muenster (2 samples each); Sal 9,12:nonmotile, Dublin, Kentucky, and Litchfield (1 sample each). The number of isolates totals 29 because 2 serotypes were isolated from one sample in one case.
DISCUSSION
A previous study suggested that a commercially available real-time PCR assay was effective for the detection of Salmonella in bulk tank milk samples when combined with enrichment in tetrathionate broth (Van Kessel et al., 2003 original 861 samples were not examined by PCR; 5 arrived before the PCR protocol was developed and 1 sample was lost. A second PCR assay confirmed the presence of Salmonella in 94 of these real-time PCRpositive samples. Thus, it seems that the use of a realtime PCR assay after enrichment provides a rapid, accurate, and sensitive method for surveying the presence of Salmonella in bulk tank milk.
The PCR assay of bulk tank milk samples taken from the NAHMS Dairy 2002 survey suggests that substantially more milk samples contained detectable Salmonella than we previously reported in Van Kessel et al. (2004) , in which culture techniques initially indicated that only 22 (2.6%) were contaminated. In that study, 20 of the 861 milk samples cultured yielded viable Salmonella cultures upon enrichment in tetrathionate broth and plating, whereas 2 yielded viable Salmonella when directly plated on XLT-4 agar but not after the enrichment procedure. Based on the PCR results, viable Salmonella enterica cultures were obtained from 6 additional samples, increasing the total detected by culture and isolation of the organism to 28 out of 861 samples (3.3%). There can be many reasons why Salmonella were not isolated from such a large number of PCRpositive samples. In all cases, the number of Salmonella in the original milk samples was very low as few yielded culture upon direct plating (Van Kessel et al., 2004) . Bulk tank milk can contain many other organisms that may compete with Salmonella in the enrichment medium, keeping the total number of Salmonella lower than our detection limit on plates. Additionally, the presence of other organisms on the XLT4 selective agar plates may interfere with the production of H 2 S by Salmonella; H 2 S production is required for the formation of the black color in Salmonella colonies and hence, the visual identification of the organism. It is unlikely that the enrichment-PCR combination used here detected nonviable or nonculturable cells because the numbers in the original milk samples were very low and the milk was diluted 10-fold or greater in the tetrathionate enrichment broth, which would have rendered any but the most grossly contaminated cultures undetectable by PCR.
Previous studies have shown a wide range of estimates for the prevalence of Salmonella in bulk tank milk. Steele et al. (1997) detected it in only 0.17% of bulk tank samples from Ontario, Canada. Murinda et al. (2002) found Salmonella spp. in 2.24% of milk samples from the bulk tanks of 30 Tennessee farms sampled repeatedly over a period from September to December. However, they observed that 7 farms that were part of the survey (25.3%) had at least one sample positive for Salmonella during that period. Jayarao and Henning (2001) sampled 131 dairy farms in eastern South Da-kota and western Minnesota and detected Salmonella in 6.1% of the samples. Rohrbach et al. (1992) found Salmonella in 8.9% of 292 bulk tank milk samples taken from farms in eastern Tennessee. All these studies used enrichment followed by isolation on selective agars. Thus, Salmonella contamination of raw milk from dairies should not be considered a rare event. The study presented here differs from previous studies in that it is national in scope and it used a real-time PCR assay to detect Salmonella rather than isolation of the organism. The detection of Salmonella in 11.8% of the samples tested indicates that the degree of prevalence of the pathogen in raw milk in the United States is higher than originally believed.
Although contamination of dairy products currently accounts for a small percentage of foodborne illness in the United States, it is clear that raw milk consumption and the consumption of products made with raw milk present some risk. Although proper pasteurization minimizes these risks to the public, there is a small but growing group of people that consume unpasteurized milk or milk products, either for practical (e.g., farm families) or cultural (e.g., soft ethnic cheeses) reasons, or because of perceived health benefits (Cody et al., 1999; Villar et al., 1999; Anonymous, 2002) . Although the levels of Salmonella in the milk samples tested here seemed to be very low and the infectious dose for this organism is high, the potential for this organism to grow in improperly stored raw milk and in products made from raw milk presents a public health risk, particularly to susceptible members of the population. Continuing surveys of milk will help estimate the true level of risk associated with these practices and may help to identify dairy management practices that minimize the contamination of bulk tank milk with zoonotic foodborne pathogens.
